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(57) ABSTRACT

A process for preparing tolylenediamine by hydrogenating
dinitrotoluene with hydrogen in the presence of a suspended
catalyst
in a vertically upright reactor (1),
at the upper end of which 1s arranged a motive jet nozzle (2)
through which the reaction mixture drawn oif from the
reactor bottom, via an external loop, 1s sprayed into the
upper region of the reactor (1) and then flows into a

central mserted tube (4) which 1s arranged 1n the longi-
tudinal direction of the reactor, flows through the latter
from the top downward and tlows upward again outside
the inserted tube (4) 1n an mternal loop motion,

with a heat exchanger (6) 1n the interior of the reactor (1),
through which cooling water flows, and absorbs some of
the heat of reaction as 1t does so,

with a feed for the dinitrotoluene at the upper end of the
reactor (1) and a feed for the hydrogen at the lower end
of the reactor (1),

and wherein, 1n addition to the heat exchanger (6) arranged
in the interior of the reactor (1), a further heat exchanger
(W) 1s used 1n the external loop, in which water absorbs
the rest of the heat of reaction by 1indirect heat exchange
with the reaction mixture,

which comprises

utilizing the heat of reaction to raise steam with a pressure of
at least 4 bar gauge by performing the hydrogenation of
dinitrotoluene to tolylenediamine at a temperature of =180°

C.

13 Claims, 1 Drawing Sheet
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METHOD FOR PRODUCING
TOLUYLENEDIAMINE BY
HYDROGENATING DINITROTOLUENE

The invention relates to a process for preparing tolylene-
diamine by hydrogenating dinitrotoluene.

Tolylenediamine 1s an aromatic amine which 1s frequently
used 1n mdustry; 1t 1s especially processed further to tolylene
diisocyanate, which finds use predominantly in polyurethane
preparation. Tolylenediamine 1s prepared by catalytically
hydrogenating dinitrotoluene.

A multitude of catalysts have been developed for the above
reaction, in order to achieve a maximum yield and selectivity
in the reaction and furthermore to discover catalysts which
are stable even at relatively high reaction temperatures.

The hydrogenation of dinitrotoluene releases a large
amount ol heat of reaction. The aim has therefore always been
to utilize this heat of reaction, for example 1n the form of
steam.

Document U.S. Pat. No. 5,563,296 describes a process and
a reactor for preparing tolylenediamine by hydrogenating
dinitrotoluene 1n a reactor with an external loop, wherein the
heat 1s removed exclusively 1n the external loop. A disadvan-
tage of this process 1s that, when steam 1s raised, the boiling
temperature of the steam must be significantly below the
reaction temperature, since the area of the external heat
exchanger and the amount of liquid to be circulated otherwise
become too great for an economically viable process.

The hydrogenation of dinitrotoluene 1s strongly exother-
mic. As a reactor particularly suitable for the removal of the
heat of reaction, WO 00/33852 therefore proposed a reactor
with internal and external loop motion, which 1s configured as
a vertically upright apparatus, with a motive jet nozzle at the
upper end thereot, through which the reaction mixture drawn
off from the reactor bottom, via an external loop, 1s sprayed
into the upper region of the reactor, and then flows into a
central inserted tube which i1s arranged in the longitudinal
direction of the reactor, tlows through the latter from the top
downward and flows upward again outside the mserted tube
in an internal loop motion. For the removal of the heat of
reaction, heat exchangers, especially Field tubes, are pro-
vided 1n the reactor interior, 1.e. double tubes arranged verti-
cally in the longitudinal direction of the reactor, of which the
inner tube 1s open at the bottom and the outer tube 1s closed at
the bottom, and within which a heat carrier, especially water,
flows and removes the heat of reaction. In addition to the heat
removal by means of heat exchangers arranged 1n the reactor
interior, a heat exchanger may also be arranged 1n the external
loop tlow.

EP-A 124010 describes a bubble column for hydrogena-
tion ol dinitrotoluene compounds to the corresponding
amines. The heat of reaction 1s removed by means of Field
tubes. The aim 1s to raise steam with a pressure of >1 bar gage.
This 1s based on a specific heat transier area of 40 to 400
m~/m° based on the reaction volume. The disadvantage of this
arrangement 1s that, given such large cooling areas, the dis-
tance between the cooling tubes 1s so small that fouling and
solid deposits have to be expected. Furthermore, the macro-
scopic mixing of the apparatus 1s massively disrupted.

The challenge 1n all of the above processes is that a low
reaction temperature, 1.€. a small difference between reaction
temperature and steam temperature, has a positive effect on
the selectivity of the reaction but leads to uneconomically
large heat transier areas.

It was therefore an object of the mvention to find an eco-
nomically attractive process for catalytically hydrogenating,
dinitrotoluene to tolylenediamine, 1n which the temperature
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level of the steam 1s as close as possible to the reaction
temperature. The steam raised should have a pressure of =4
bar gage.

This object 1s achieved 1n a process for preparing tolylene-
diamine by hydrogenating dinitrotoluene with hydrogen 1n
the presence of a suspended catalyst

in a vertically upright reactor,

at the upper end of which 1s arranged a motive jet nozzle

through which the reaction mixture drawn oif from the
reactor bottom, via an external loop, 1s sprayed into the
upper region of the reactor and then tlows into a central
inserted tube which 1s arranged 1n the longitudinal direc-
tion of the reactor, tlows through the latter from the top
downward and flows upward again outside the inserted
tube 1n an internal loop motion,

with a heat exchanger 1n the interior of the reactor, through

which cooling water tlows, and absorbs some of the heat
of reaction as 1t does so,

with a feed for the dinitrotoluene at the upper end of the

reactor and a feed for the hydrogen at the lower end of
the reactor,

and wherein, 1n addition to the heat exchanger arranged 1n

the interior of the reactor, a further heat exchanger 1s
used 1n the external loop, 1n which water absorbs the rest
of the heat of reaction by indirect heat exchange with the
reaction mixture,
which comprises
utilizing the heat of reaction to raise steam with a pressure of
at least 4 bar gage by performing the hydrogenation of dini-
trotoluene to tolylenediamine at a temperature of =z180° C.

Preference 1s given to performing the hydrogenation of
dinitrotoluene to tolylenediamine at a temperature of =185°
C.

It has been found that 1t 1s possible to perform the hydro-
genation of dinitrotoluene to tolylenediamine 1n such a way
that not only a high selectivity and yield of the reaction 1tself
1s achieved, but that the heat of reaction can additionally be
utilized 1n order to raise steam at a high pressure level, of 4 bar
gauge or higher, as 1s typically provided 1n the steam lines 1n
industrial plants. This makes it possible to feed the steam into
the existing steam grid and/or to utilize 1t in the overall plant,
proceeding from toluene through dinitrotoluene and tolylene-
diamine up to the preparation of tolylene diisocyanate.

Alternatively, 1t 1s also possible to provide steam at two
pressure levels of 4 bar gauge or higher.

For the hydrogenation of dinitrotoluene to tolylenedi-
amine, a multitude of catalysts have been developed, the
primary objects 1n the development of novel catalysts having
been the improvement of yield and selectivity of the reaction
and the stability of the catalysts even at relatively high reac-
tion temperatures.

Particularly suitable catalysts have been found to be those
which comprise, as an active material, one or more metals
selected from the group of platinum, palladium, rhodium and
ruthenium, and additionally one or more further metals
selected from the group of nickel, cobalt, 1ron and zinc, and
which are applied to an 1nert support.

Especially advantageous are catalysts which comprise, as
the active matenal, platinum and additionally nickel, or else
catalysts which comprise palladium, nickel and 1ron, or cata-
lysts which comprise palladium, mickel and cobalt.

Particularly advantageous hydrogenation catalysts are
those which comprise platinum and nickel on a support in the
form of an alloy with an atomic ratio of nickel to platinum 1n
the alloy between 30:70 and 70:30.

Alloys composed of platinum and nickel with other atomic
ratios are also useable 1 principle for the process according to
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the imnvention, but they lead, especially 1n the case of perior-
mance of the hydrogenation at relatively high temperatures,
to low yields of TDA.

The atomic ratio of nickel to platinum, determined by
means ol EDXS (Energy Dispersive X-Ray Spectroscopy), 1s
especially between 45:55 and 535:43.

The catalyst usually comprises finely crystalline metal par-
ticles of the Pt—Ni alloy of size approx. 1 to 15 nm distrib-
uted on, for example, carbon particles. In places, N1—Pt
particle agglomerates or aggregates of size 1 to 2 um, but also
isolated pure N1 or Ptparticles, may occur on the support. The
clectron diffraction lines of the metal particles are between
those of Pt and N1, which additionally confirms alloy forma-
tion. The metal particles are usually polycrystalline, and can
be characterized with a high-resolution TEM (FEG-TEM:
Field Emission Gun-Transmission Electron Microscopy).

The supports used for the catalysts may be the known
materials customary for this purpose. Preference 1s given to
using activated carbon, carbon black, graphite or metal
oxides, preferably hydrothermally stable metal oxides, for
example ZrO,, T1O,. In the case of graphite, the HSAGs
(High Surface Area Graphites) with a surface area of 50 to
300 m*/g are particularly preferred. Particular preference is
given to the physically or chemically activated carbons or
carbon blacks, such as acetylene black.

The aim of the process 1s to provide steam at a temperature
level of =4 bar gage. At the same time, the reaction tempera-
ture should not be selected at too high a level 1n order to
prevent selectivity losses as a result of side reactions (for
example high boiler formation). This leads to large heat trans-
fer areas being required. When the heat transferrer for
removal of the heat of reaction 1s exclusively integrated 1nto
the reactor, this results 1n a very large reactor volume and
therefore 1 very low space-time yields. When the heat trans-
terrer 1s integrated exclusively into the external cycle, this
results 1n a very large circulation stream, since the medium in
the external heat transferrer cannot be cooled too greatly in
order to provide steam at a high pressure level.

The steam can therefore only be provided 1n an economi-
cally viable manner when the heat 1s removed simultaneously
in the apparatus and in the external circuit. This leads simul-
taneously to acceptable reactor volumes and high space-time
yields.

The process 1s therefore preferably performed at space-
time yields of greater than 150 kg of tolylenediamine per m>
of sparged reactor volume and hour, especially at space-time
yields of greater than 250 kg of tolylenediamine per m> of
sparged reactor volume and hour.

The process 1s preferably performed without addition of a
solvent.

The process according to the mvention i1s performed 1n a
reactor in which an internal and an external loop motion of the
reaction mixture take place.

To this end, a motive jet nozzle 1s arranged 1n a vertically
upright reactor at the upper end thereot and drives the internal
loop motion, specifically by spraying the reaction mixture
drawn oif from the reactor bottom, which 1s pumped 1n cir-
culation through an external loop, downward into the upper
region of the reactor via the motive jet nozzle. The reaction
mixture sprayed 1n via the motive jet nozzle flows through a
central inserted tube arranged in the longitudinal direction of
the reactor and flows through 1t from the top downward. The
central inserted tube can be configured as a simple tube.
Below the inserted tube, the reaction mixture turns back out-
side the mserted tube 1n an mternal loop motion and tlows
upward again. For flow reversal, a baitle plate 1s preferably
arranged below the 1nserted tube.
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The concentric mserted tube 1n conjunction with the baftle
plate stabilizes the loop flow within the reactor, 1.e. the inter-
nal loop tlow.

The motive jet entrains gas out of the gas space into the
liquid 1n the form of gas bubbles up to the batile plate. These
gas bubbles ascend again 1n the annular space of the reactor.
This 1nternal cycle gas method provides a large gas/liquid
phase interface.

A heat exchanger 1s arranged 1n the reactor interior for heat

removal, through which the cooling water flows and absorbs
some of the heat of reaction.

The heat exchanger arranged 1n the reactor interior 1s pred-
erably a Field tube heat exchanger.

In one embodiment, the heat exchanger arranged 1n the
interior of the reactor 1s a coiled tube heat exchanger.

In a further embodiment, the heat exchanger arranged 1n
the interior of the reactor 1s a tube bundle heat exchanger.

The remainder of the heat of reaction 1s removed by means
ol a heat transferrer which 1s arranged in the external loop.
Preference 1s given to using a tube bundle heat transferrer.

Steam can be generated from the heat of reaction released
both 1n the internal and the external heat transferrer 1in two
ways: 1) by evaporation of some of the cooling water 1n the
cooling tubes (direct steam generation) or 2) by heating the
cooling water to a pressure above the pressure of the steam to
be raised, and then decompressing to the pressure level of the
steam to be raised (tlash evaporation). This decompression
evaporates some of the cooling water, and the steam/water
mixture cools down to the boiling temperature corresponding
to the pressure of the steam.

Both types of evaporation can be employed both 1n the
internal and external heat transferrer. A combination of the
two evaporation types 1s equally possible, 1.e. direct evapora-
tion 1n the internal heat transferrer and tflash evaporation in the
external transferrer, or vice versa.

Dimtrotoluene 1s fed in at the upper end of the reactor,
preferably imto the gas phase above the liquid level in the
reactor.

Advantageously, the dinitrotoluene 1s supplied by means of
a ring distributor to homogenize the supply.

In a further embodiment, the motive jet nozzle arranged 1n
the upper region of the reactor 1s configured as a two-jet
nozzle, and the dinitrotoluene 1s passed 1nto the reactor via an
annular gap on the outer wall of the motive jet nozzle config-
ured as a two-jet nozzle.

The mmventors have recognized that 1t 1s advantageous to
introduce the dinitrotoluene into the gas phase above the
liquid level 1n the reactor; this prevents reaction product from
flowing back into the feed line for dinitrotoluene and thus
leading to decomposition or explosion of the dinitrotoluene.
Pure dinitrotoluene has a decomposition temperature of about
260° C., but the decomposition temperature falls drastically
as soon as tolylenediamine 1s added, down to 100° C.

It 1s therefore also advantageous to purge the feed line with
hot water to free 1t of the dinitrotoluene 1n the event of inter-
ruptions 1n production or shutdowns of the plant.

The inventors have recognized that 1t 1s essential that less
than 1000 ppm of dinitrotoluene accumulates 1n the reactor.

The hydrogen needed for the hydrogenation 1s fed in at the
lower end of the reactor, preferably via a ring distributor.

The mmventors have recognized that 1t 1s advantageous to
ensure, by means of suitable measures, that the concentration
of the hydrogen 1n the reaction mixture which flows out of the
reactor bottom into the external loop does not go below 1% by
volume, preterably 3% by volume, based on the total volume
of the reaction mixture which tflows within the external loop.
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To this end, 1t 1s possible to correspondingly design the diam-
eter of the reactor or the tlow rate of the reaction mixture out
ol the reactor.

In a further embodiment, 1t 1s possible to ensure the mini-
mum concentration of the hydrogen which flows out of the
reactor bottom into the external loop by supplying hydrogen
as close as possible to the reactor into the reaction mixture
which flows out of the reactor bottom 1nto the external loop.

In order to be able to drive the external circulation, it 1s
necessary to mstall a pump which, as well as liquid, can also
deliver gas and suspended solids. Up to 20% by volume of gas
and 20% by weight of suspended solids should be pumpable.

The steam raised can be fed 1nto an existing steam grid of
the site of the plant, or be utilized directly 1n the overall plant,
proceeding from toluene through dinitrotoluene and tolylene-
diamine up to the preparation of tolylene diisocyanate.

The steam at a level of at least 4 bar gage raised by the
process according to the invention can be used at many points
within and outside the tolylene diisocyanate (TDI) process.
Some possible uses are listed hereinafter, but this 1s not
intended to mean that the use of the steam raised is restricted
only to these possibilities.

The steam can be utilized for heat or energy supply within
the overall TDI complex, in which the tolylenediamine
(TDA) stage constitutes only one part. More particularly, 1t 1s
suitable for use 1n one or more of the process stages listed
below:

in the evaporation or distillation for concentration of acids

at the nitration (dinitrotoluene) stage,

in the water removal 1n the evaporator of the TDA/water

distillation,

in the removal of the TDA from high-boiling residue (dis-

tillation or evaporation),

in the TDI synthesis stage in the phosgene or HCI stripping,

in the heating of the reactor or of the reaction column for

phosgenation of TDA,

in the evaporator in the TDI distillation,

when evaporating off the solvent used 1n the phosgenation,

and 1n the operation of vacuum jets (generation of vacuum

by decompressing the steam) 1n the overall TDI com-
plex.

Furthermore, the steam can be used 1n one or more of the
areas listed below:

for evaporating off solvents from process wastewater,

for generating cold temperatures by means of absorption

refrigerators or steam jet coolers,

for generating vacuum 1n the case of decompression in

ejectors,

for generating power as an energy or heat source for ther-

mal power processes (direct decompression 1n a turbine
or ORC or Kalina cycles),

for heating pipelines, apparatus, vessels or tanks,

and for heating buildings.

In addition, the steam can also be fed into an available
steam grid at the site of the plant.

The 1invention 1s illustrated 1n detail below by an example

and a FIGURE.

The sole FIGURE, FIG. 1, shows the schematic diagram of
a plant for performing the process according to the imnvention.

The reactor 1 1s equipped with a motive jet nozzle 2
directed downward in the upper region thereof, through
which the reaction mixture 1s sprayed into the reactor via an
external loop 3. Below the motive jet nozzle 2 1s arranged a
central inserted tube 4 arranged 1n the longitudinal direction
of the reactor, and below the inserted tube 4 a baitle plate 5. In
the interior of the reactor 1 1s a Field tube heat exchanger 6.
Dinmitrotoluene, DN, in the preferred variant shown 1n the
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FIGURE, 1s fed via an annular gap on the outer wall of the
motive jet nozzle 2 configured as a two-jet nozzle 1nto the

reactor 1 into the gas space above the liquid level.

Hydrogen, H,, 1s sprayed imto the lower region of the
reactor 1, 1n the preterred variant shown in the FIGURE via a
ring distributor 7, and additionally into the external loop 3,
close to the draw of the reaction mixture out of the reactor
bottom. Within the external loop, the reaction mixture 1s
passed through a pump P which 1s designed such that it can
deliver up to 20% by volume of gas, 1n the preferred embodi-
ment shown in the FIGURE through a crosstlow filter 7 for
catalyst removal. The reaction mixture 1s subsequently
passed through a heat exchanger W which 1s arranged 1n the
external loop and is preferably configured as a tube bundle
heat exchanger. Steam 1s drawn off via line 8 from the heat
exchanger W arranged 1n the external loop, and combined
with steam via line 9 from the Field tubes, which are fed with
water, H,O, fed to a separator 10 and drawn ofl as steam at 4
bar gage via line 11. Via line 12 a part stream of the conden-
sate 1s drawn off.

EXAMPL

(L]

In a plant as shown schematically in FIG. 1, dinitrotoluene
was hydrogenated to tolylenediamine 1n a reactor with an
external loop 3 with liquid volume 170 1 (total volume of
reactor 1+external loop 3) at 180° C. and 25 bar gage. In the
external loop 3, 4.5 m>/h of liquid were circulated with a
pump P which can also pump gas bubbles present and sus-
pended solid particles. In the reactor 1, a gas content of
approx. 15% by volume was established. The hydrogenation
bath comprised 2% by weight of a suspended catalyst with
3% by weight of Pt and 1% by weight of N1 on carbon
supports. For catalyst retention, a crosstlow filter 7 with a
membrane of pore size 1000 nm was used. At the lower outlet
of the reactor 1, a small amount of hydrogen was fed into the
outer loop 3.

A feed stream o1 62 kg/h of DN'T was fed 1n. This DN'T was
converted fully 1n the reactor 1. This gave rise to a space-time
yield of 245 kg of TDA/(m>/h).

The selectivity for TDA was 98.69%, that for high boilers
1.25% and that for low boilers 0.06%. In the reactor 1, heat of
reaction of 106 kW was released.

If steam at a pressure level of 4 bar gage and at a tempera-
ture of 155° C. 1s now to be raised, in accordance with the
invention, some of the heat of reaction 1s removed 1n reactor
1 under virtually 1sothermal conditions, and the remainder of
the heat of reaction 1n the external loop 4.

For the heat removal 1n the interior of the reactor 1, a Field
tube heat exchanger 6 1s provided in the annular space around
the mserted tube 4, and a specific heat exchange area of 15
m~/m> is assumed. As a result, only a small portion of the
cross-sectional area of the reactor 1 1s blocked, and the flow 1n
the reactor interior 1s not hindered too greatly. The heat
exchange area of the Field tube heat exchanger 6 1s thus 2.55
m~, and a total of 70 kW of heat of reaction is removed at a
heat transfer coefficient of 1100 W/(m*/K).

The remaining 36 kKW of heat of reaction are circulated by
means of the external heat exchanger W. At a specific heat
capacity ol the hydrogenation bath o13.3 kl/(kg/K), the liquid
cools from 180° C. upstream of the external heat exchanger W
to 171° C. downstream of the external heat exchanger W. For
heat removal, a mean logarithmic temperature difference of
20 K 1s available. When the basis 1s a heat transfer coelficient
of 1000 W/(m*/K), a heat transfer area of 1.80 m*~ is required.
The external heat exchanger 6 used i1s a tube bundle heat
exchanger.
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If, for comparison, all of the heat of reaction were removed
in the interior of the reactor 1, a specific heat transfer area of
23 m*/m" (i.e. 3.9 m” absolute) would be required. This would
block a large portion of the cross-sectional area of the reactor
1 with heat exchanger tubes, and the risk of fouling in the
reactor interior owing to excessively decelerated flow would
be great.

I, instead, all of the heat of reaction 1s removed by means
of the external heat exchanger W, steam could no longer be
generated at a temperature level of 155° C. at the given
circulation flow of 4.5 m>/h, since the temperature of the
hydrogenation bath pumped in circulation at the outlet of the
external heat exchanger would be below 135° C. 1n this case.

The mvention claimed 1s:

1. A process for preparing tolylenediamine by hydrogenat-
ing dinitrotoluene with hydrogen 1n the presence of a sus-
pended catalyst

in a vertically upright reactor,

at the upper end of which 1s arranged a motive jet nozzle

through which the reaction mixture drawn off from the
reactor bottom, via an external loop, 1s sprayed 1nto the
upper region of the reactor and then flows into a central
inserted tube which 1s arranged 1n the longitudinal direc-
tion of the reactor, flows through the latter from the top
downward and flows upward again outside the mserted
tube 1n an 1nternal loop motion,

with a heat exchanger 1n the interior of the reactor, through

which cooling water flows, and absorbs some of the heat
of reaction as it does so,

with a feed for the dinitrotoluene at the upper end of the

reactor and a feed for the hydrogen at the lower end of
the reactor,

and wherein, in addition to the heat exchanger arranged 1n

the interior of the reactor, a further heat exchanger 1s
used 1n the external loop, 1n which water absorbs the rest
of the heat of reaction by indirect heat exchange with the
reaction mixture,

which comprises

utilizing the heat of reaction to raise steam with a pressure

of at least 4 bar gauge by performing the hydrogenation
of dinitrotoluene to tolylenediamine at a temperature of
greater than or equal to 180° C., and wherein the dini-
trotoluene 1s supplied to the reactor 1nto the gas phase
above the liquid level or wherein the motive jet nozzle 1s
configured as a two jet nozzle, and wherein the dinitro-
toluene 1s supplied to the motive jet nozzle.
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2. The process according to claim 1, wherein the hydroge-
nation of dinitrotoluene to tolylenediamine 1s performed at a
temperature of greater than or equal to 185° C.

3. The process according to claim 1, wherein the catalyst
comprises, as an active material, a metal selected from the
group consisting of platinum, palladium, rhodium and ruthe-
nium, together with one or more further metals selected from
the group consisting of nickel, cobalt, 1ron, zinc, which are
applied to an inert support.

4. The process according to claim 3, wherein the active
material of the catalyst comprises platinum and nickel, or
palladium, nickel and cobalt, or palladium, nickel and iron.

5. The process according to claim 1, wherein the heat
exchanger arranged 1n the reactor interior 1s a Field tube heat
exchanger.

6. The process according to claim 1, wherein the heat
exchanger arranged 1n the reactor interior 1s a coiled tube heat
exchanger.

7. The process according to claim 1, wherein the heat
exchanger 1s a tube bundle heat exchanger.

8. The process according to claim 1, wherein the heat
exchanger arranged in the external loop 1s a tube bundle heat
exchanger.

9. The process according to claim 1, wherein the dinitro-
toluene 1s supplied by means of a ring distributor.

10. The process according to claim 9, wherein 1t 1s ensured
that the concentration of the hydrogen 1n the reaction mixture
which tlows out of the reactor bottom 1nto the external loop
does not go below 1% by volume.

11. The process according to claim 10, wherein the mini-
mum concentration of the hydrogen 1n the reaction mixture
which flows out of the reaction bottoms into the external loop
1s ensured by correspondingly designing the diameter of the
reactor or the flow rate of the reaction mixture out of the
reactor bottom.

12. The process according to claim 10, wherein the mini-
mum concentration of the hydrogen in the reaction mixture
which tlows out of the reactor bottom 1nto the external loop 1s
ensured by supplying hydrogen as close as possible to the
reactor into the reaction mixture which tlows out of the reac-
tor bottom 1nto the external loop.

13. The process according to claim 1, wherein 1t 1s ensured
that the concentration of the hydrogen 1n the reaction mixture
which tlows out of the reactor bottom 1nto the external loop
does not go below 3% by volume.
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